This study evaluated the mechanism of valvular area expansion during single-and doubleballoon valvuloplasty in fibrotic and calcific mitral valves. Special interest was focused on the morphological features of the valves treated. Mitral valves that appeared unsuitable for commissurotomy were excised in toto at the time of mitral valve replacement in 15 patients. The excised valves were mounted in a fluid-filled chamber with a window for photographic evaluation. The chamber was perfused continuously to ensure maximal valvular opening. The valve was photographed, and the orifice area was measured before and after balloon expansion. In addition, the specimens were examined macroscopically and radiographically with regard to calcium content and degree and localization of fibrosis. These data were correlated with splitting of commissures and with rupture of leaflets. Nine valves were fibrotic, and six were calcific. Dilatation was performed first with a single-balloon catheter (diameter, 2 cm) and then with a double-balloon catheter (diameter, 2 and 1.5 cm). After dilatation with one balloon, the average mitral valve area increased from 0.79 to 1.09 cm2, and with two balloons, average area increased to 1.59 cm2. The single-balloon technique caused commissural splitting in nine valves, stretching in three, partial leaflet rupture in one, and no change in two. After the double-balloon technique, commissural splitting occurred in 12 valves and three leaflets were ruptured where severe fibrosis and calcification were mainly located within the commissures. As a rule, after dilatation with the single-balloon technique, the remaining stenosis was still severe, and after dilatation with the double-balloon technique, the remaining stenosis was moderate. The results show that percutaneous mitral valvuloplasty might be successful despite severe fibrosis and calcification. In some patients, however, mitral regurgitation will probably develop because of tearing of the mitral valve leaflet. This seems to depend mainly on the distribution of advanced morphologic changes, not on their degree. (Circulation 1990;81:1005-1011 Surgical mitral commissurotomy has been a standard procedure for several decades. 
This study evaluated the mechanism of valvular area expansion during single-and doubleballoon valvuloplasty in fibrotic and calcific mitral valves. Special interest was focused on the morphological features of the valves treated. Mitral valves that appeared unsuitable for commissurotomy were excised in toto at the time of mitral valve replacement in 15 patients. The excised valves were mounted in a fluid-filled chamber with a window for photographic evaluation. The chamber was perfused continuously to ensure maximal valvular opening. The valve was photographed, and the orifice area was measured before and after balloon expansion. In addition, the specimens were examined macroscopically and radiographically with regard to calcium content and degree and localization of fibrosis. These data were correlated with splitting of commissures and with rupture of leaflets. Nine valves were fibrotic, and six were calcific. Dilatation was performed first with a single-balloon catheter (diameter, 2 cm) and then with a double-balloon catheter (diameter, 2 and 1.5 cm). After By inspection and careful palpation of the valves, the degree of fibrosis was graded semiquantitatively as slight, thicker-than-normal valve tissue but with good mobility; moderate, marked thickening of the leaflet but still pliable; and severe, thickened and rigid leaflet without calcification. The morphologic features of all valves with the localization of fibrosis and calcium is listed in Table 1 and in Figure 1 .
After examination, the valves were sewn onto a ring of thin synthetic fabric and mounted free of tension in a two-piece glass cylinder ( Figure 2) . A flow-steered pump was used to irrigate the glass cylinder with a warm water (370 C) flow that was continuously increased to a maximum of 15 1/min. With increased flow, the leaflets eventually separated until the valve reached its maximal opening area, which remained unchanged by a further increase in flow. Therefore, we assumed that this continuous flow was in the physiological range of the pulsatile flow in vivo.
The mitral valves were photographed together with a scale to measure orifice area ( Figure 3) . Planimetry of the opening area was performed with computer assistance (Cardio 80, Kontron). Each opening area was measured three times, and a mean value was established. This method was proven reliable in previous studies.1623 A singleballoon catheter (diameter, 2 cm; dilating area, 3.14 cm2; Meditech) was placed in the mitral orifice and slowly inflated with water for 3-5 seconds to a pressure of 200-250 kPa. The balloon was removed, and the valve was photographed again for measurement of orifice size.
The mechanism by which the mitral valve area changed was noted. A double-balloon catheter was then inserted (diameter, 2 and 1.5 cm; dilating area, 4.9 cm2; Meditech). Both balloons were inflated simultaneously to a pressure of 200-250 kPa. The orifice of the mitral valve was photographed after removal of the catheters for the third planimetric measurement. Again, the mechanism of the further increase in mitral valve area was noted. Stretching of the valve was assumed when there was an increase in mitral valve area without a visible rupture of commissures or leaflets.
Results
The degree of fibrosis and calcification and its localization within the leaflets or commissures is shown in Table 1 and Figure 1 . There were four severe, one moderate, and one slightly calcific valve; nine valves were fibrotic but showed no calcification. double-balloon catheter led to a complete rupture of one mitral leaflet ( Figure 5 ).
The valve with complete commissural splitting after dilatation with the single-balloon catheter was not treated with the double-balloon catheter. Intervention by means of the double-balloon technique further increased the mean mitral valve area to 1.59 cm2 (more than twice the initial value). The results were independent of the degree of fibrosis or calcification ( Figure 1 ). However, leaflet rupture occurred in three specimens with only slight or moderate fibrotic leaflets (U.G., R.F., and B.J.). Of Until now, all in vitro investigations showed that the increase in mitral valve area by balloon valvuloplasty occurs exclusively through commissural splitting, even in severely calcific valves. However, we observed complete leaflet rupture in two fibrotic valves. (Once, an incomplete leaflet rupture occurred.) In these valves, the most advanced morphological changes were located within one or both commissures (U.G., R.F., and B.J.). Therefore, the leaflets, themselves, were less resistant than the commissures and were ruptured. This could have caused significant mitral regurgitation in vivo. Another cause for mitral incompetence may be overseparation of commissures. Our study design did not allow an assessment of this risk, because the valves we used were excised from their natural bases.
Limitations
The balloon we used for single-balloon valvuloplasty was smaller than that used by other investigators. This may be one cause for the less favorable results we achieved with single-balloon dilatation.
Pressures were not measured in this investigation; however, in a previous study in this model, we found good agreement between echocardiographic and anatomic data, suggesting that our flows are physiologically relevant.23
Severity of mitral stenosis depends not only on the degree of morphological changes within leaflets and commissures but also on the involvement of subvalvular structures adversely affecting the results of mitral balloon valvuloplasty in vivo. Our model did not allow the assessment of subvalvular stenosis because the valves were removed from the papillary muscles and chordae tendineae during mitral valve replacement.
The absolute number of valves in which a leaflet rupture occurred in our study is low. Therefore, it is difficult to predict whether the distribution of advanced morphological changes is the only factor that contributes to the risk of leaflet laceration.
Conclusions
From this study, we conclude that 1) balloon valvuloplasty should be successful in most patients with severely fibrotic and calcified mitral valves; 2) the balloon area should be at least 4.9 cm2 (i.e., balloon diameter, 2.0 and 1.5 cm); 3) enlargement of the mitral valve area is achieved by splitting of the commissures (60%), splitting and stretching (20%), and rupture within the leaflet (20%); and 4) a relatively high percentage of complete leaflet laceration (13%) occurred in our study. This may lead to significant mitral incompetence. We suspect this to depend mainly on the distribution of advanced morphological changes and not on their degree. Further studies are needed to fully elucidate the mechanism of leaflet rupture in percutaneous mitral balloon valvuloplasty.
